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Abstract 



The QCD-based operator-product-expansion technique is systematicahy ap- 
phed to the study of charmed meson hfetimes. We stress that it is crucial 
to take into account the momentum of the spectator hght quark of charmed 
mesons, otherwise the destructive Pauh-interference effect in decays wih 
lead to a negative decay width for the . We have applied the QCD sum 
rule approach to estimate the hadronic matrix elements of color-singlet and 
color-octet 4-quark operators relevant to nonleptonic inclusive D decays. The 
lifetime of Df is found to be longer than that of because the latter receives 
a constructive VF-exchange contribution, whereas the hadronic annihilation 
and leptonic contributions to the former are compensated by the Pauli inter- 
ference. We obtain the lifetime ratio t{D^) /t{D^) ~ 1.08 it 0.04, which is 
larger than some earlier theoretical estimates, but still smaller than the recent 
measurements by CLEO and E791. 



PACS numbers: 13.25.Hw, 12.38.Lg, 11.55.Hx, 12.39.Hg 
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I. INTRODUCTION 



It is well known that the observed lifetime difference between the D'^ and is ascribed 
to the destructive interference in decays and/or the constructive H^-exchange contribu- 
tion to decays (for a review, see e.g., By contrast, the and Z)° lifetimes are 
theoretically expected to be close to each other. For example, it is estimated in that 

^= 1.00 - 1.07. (1.1) 

However, the recent Fermilab E791 measurement of the lifetime yields t{D~^) = 0.518 ± 
0.014 ± 0.007 ps 0. When combining with the world average lifetime yields the ratio 

^|^= 1.25 ±0.04 (E791), (1.2) 

which is different from unity by 6cr. Meanwhile, the CLEO measurement of D'^ and D'^ 
lifetimes indicates t{D+) = 0.4863 ± 0.015 ± 0.005 ps § and 

^|^= 1.19 ±0.04 (CLEO), (1.3) 

which is 5a different from unity. Note that the lifetime measured by Fermilab and CLEO 
is better than the errors of the world average value @] and that the lifetime ratio of to 
is larger than the previous world average 0]: 

^ ' ^ - 1.13 ±0.04 (PDG). (1.4) 



r(Z}0) 

Based on the operator product expansion (OPE) approach for the analysis of inclusive 
weak decays of heavy hadrons, it is known that the 1/m^ corrections due to the nonper- 
turbative kinetic and chromomagnetic terms are small and essentially canceled out in the 
lifetime ratios. By contrast, the 1/m^ corrections due to 4-quark operators can be quite 
significant because of the phase-space enhancement by a factor of IGtt^. The nonspectator 
effects of order 1/mj? involve the Pauli interference in decay, the W^-exchange in 
decay, the IV-annihilation and Cabibbo-suppressed Pauli interference in nonleptonic Df. 
While the semileptonic decay rates of D~^,D^ and are essentially the same, there is an 
additional purely leptonic decay contribution to Df, namely — > ru. The dimension-6 
four-quark operators which describe the nonspectator effects in inclusive decays of heavy 
hadrons are well known [§,0. However, it is also known that there is a serious problem with 
the evaluation of the destructive Pauli interference r™*(D"'') in D^. A direct calculation 
indicates that r™*(D+) overcomes the c quark decay rate so that the resulting nonleptonic 
decay width of becomes negative P,^. This certainly does not make sense. This implies 
that the l/rric expansion is not well convergent and sensible, to say the least. In other words, 
higher dimension terms are in principle also important. It has been conjectured in that 
higher- dimension corrections amount to replacing rric by m^) in the expansion parameter 
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fD''T^D/ml, so that it becomes ffy/rn]^. As a consequence, the destructive Pauh interference 
will be reduced by a factor of {mc/mo)^. 

Another way of alleviating the problem is to realize that the usual local four-quark 
operators are derived in the heavy quark limit so that the effect of spectator light quarks 
can be neglected. Since the charmed quark is not heavy enough, it is very important, as 
stressed by Chernyak 0], for calculations with charmed mesons to account for the nonzero 
momentum of spectator quarks. It turns out that the Pauli interference in decay is 
suppressed by a factor of ((pc) — {Pd))"^ / {Pc)'^ = {{pd) — 2(pd))^/m^, where (pc) and (pd) are 
the momenta of the c and d quarks, respectively, in the meson. Because the charmed 
quark is not heavy, the spectator d quark carries a sizable fraction of the charmed meson 
momentum. Consequently, the Pauh effect in decay is subject to a large suppression 
and will not overcome the leading c quark decay width. Based on this observation, in the 
present paper we will follow to take into account the effects of the spectator quark's 
momentum consistently. In the framework of heavy quark expansion, this spectator effect 
can be regarded as higher order l/rric corrections. 

In order to understand the D-meson lifetime pattern, it is important to have a reliable 
estimate of the hadronic matrix elements. In the present paper we will employ the QCD sum 
rule to evaluate the unknown hadronic parameters Bi, B2, 61,62, to be introduced below. In 
Sec. |I|, we will outline the general framework for the study of the charmed meson lifetimes. 
Then in Sec. |T|we proceed to compute the hadronic parameters using the sum rule approach. 
Sec. presents results and discussions. 



II. GENERAL FRAMEWORK 



The inclusive nonleptonic and semileptonic decay rates of a charmed meson to order 
I /ml are given by 



NL,spec 



2mD{ 



(^2 ^5 

'-NrVcKM- < (C^ + C^ + 

1 _ „ , „,1 4 2CiC2 



aIo{x,0,0){D\cc\D) 



1927r3 

~^h{x,0,0){D\cgsa-Gc\D) - I,{x,0,0){D\cgsa ■ Gc\D) \ , (2.1) 



where a-G = a^yG^^ , x = {ms/nicY, Nc is the number of colors, the parameter a denotes 



QCD radiative corrections [O], and 



ry2 5 



19277^ 



r]{x,xi,0) 
2m D 



X 



Io{x,0,0){D\cc\D) - —h{x,0,0){D\cgsa ■ Gc\D) 



mi 



(2.2) 



where ri{x,Xi,0) with xe = {m^/mqY is the QCD radiative correction to the semileptonic 
decay rate and its general analytic expression is given in [^. In Eqs. (|2.1|) and (^I^) , /o,i,2 
are phase-space factors (see e.g. [|l2l for their explicit expressions), and the factor Vckm takes 
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care of the relevant Cabibbo-Koyashi-Maskawa (CKM) matrix elements. In Eq. c\ and 
C2 are the Wilson coefficients in the effective Hamiltonian. 

The two-body matrix elements in Eqs. (|2.1| ) and (|2.2|) can be parameterized as 



2mD Irni 2mi 



+ 0(l/m^) 



(^D\c^g,a ■ Gc\D) 



2m 



Gn + 0{l/m,), (2.3) 



D 



where 



J^D = = -Ai , 

2m D 

G„.<M«i!^^^=3A.. (2.4) 

2m £) 

The nonperturbative parameter A2 is obtained from the mass squared difference of the vector 
and pseudoscalar mesons: 

(A2)d = ^(m^* -m^) = 0.138 GeV^, 

(A2)d. = liml. - mlj = 0.147 GeV^ (2.5) 
As for the parameter Ai, it is determined from the mass relation 

(Ai)d, - (Ai)d = — [mB, -niB- (jTid, - mo)] , (2.6) 

rrib - mc 

where fnp = j{mp + 3mp.) denotes the spin-averaged meson mass. For m^ = 5.05 GeV and 
me = 1.65 GeV, we obtain (Ai)^^^ - (Ai)^^ = -0.067 GeV^ 

To the order of l/m^, the nonspectator effects due to the Pauli interference and W- 
exchange (see Fig. 1) may contribute significantly to the lifetime ratios due to the two-body 
phase-space enhancement by a factor of 167r^ relative to the three-body phase space for heavy 
quark decay. As stressed in the Introduction, it is crucial to invoke the effect of the light 
quark's momentum in the charmed meson in order to properly describe the D lifetimes. For 
this purpose, the four-quark operators relevant to inclusive nonleptonic D decays are P 

_ 2G2 

-"NLinspec 

71 



2ciC2 + —{ci + 4) ) O^, + 2{ci + 4)Tl^ 



-^NL.nspec — ^CKM j^^'^^^^l 

+ A^c(ci + ^C2)'0^, + 2c^T;J |, (2.7) 



where 



0% = CL^^qiqi^^CL, 
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CSC 

^ 5 > 5 >- 



< 2 ^ 2 ^ 

u d u 



(a) 




c 



d d 



(c) 

FIG. 1. Nonspectator effects: (a) VF-exchange, (bl) W^-annihilation, (b2) and (c) Pauli inter- 
ference. 



with = A"/2 and A" being the Gell-Mann matrices, and rji, 772, 773 are phase-space factors, 
depending on the number of strange quarks inside the loop of Fig. 1 P,[T3||: 



{ii) n^ = {l-xf, ri2 = VT^^il-x), r/3 = 71^4^(1 + 2x), (2.9) 

for (i) one strange quark and (ii) two strange quarks in the loop, respectively, with x = 
{ms/rricY. Of course, r/j = 1 in the absence of strange loop quarks. In Eq. ( p. 71) the first 
term proportional to g^^k"^ contributes to the Pauli interference, while the rest to the W- 
exchange or VT-annihilation, where k is the total four-momentum of the integrated quark pair 
0. More specifically, k = pc + Pq for the M^-exchange and VT-annihilation, and k = pc — Pq 
for the Pauli interference. In the heavy quark limit, k —>■ p^ and it is easily seen that (|2.7| ) 
is reduced to the more familiar form fTSl 



/:NL,nspec = ^ " VcKm\ (^2ciC2 + ]^(c? + C^)j VlOy.A + 2(c? + C^)r/iT^_^ 



3 N, 

^A^c(ci + ^02) {v20v_A - V30s-p) - \(?2{ri2T^_A - r/3r|_p)|. 



(2.10) 
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where use has been made of equations of motion, and 

Oy-A = CLlfiQL qiYcL , 

0^„p = Cr Ql Ql Cr , 

Tl_p = CReqLqLt''cR, 



(2.11) 



with qr^l = (1 ± 75)g/2. 

In analog to the hadronic parameters defined in |]13| for the B meson sector, we can also 
define four hadronic parameters Bi, B2,ei, 62 in the charm sector as 



1 



2m r 



2m, 



{D,\Ot..A\D,y^ 



\Dq\TY_^\Dq)-z 



Bi 



-^1 , 



(2.12) 



and 



2m^ 



(2.13) 



for the matrix elements of these four-quark operators between D meson states. Under the 
factorization approximation, Bi = 1 and Ei = ||13|| . 

The destructive Pauli interference in inclusive nonleptonic and decays and the 
W^-exchange contribution to and the IV-annihilation contribution to are 



xUl + -x] 



—cl + 2ciC2 + N^cl)Bi + 2clei 



[l + 2x) 



|2 



■cl + 2ciC2 + N^cl)B2 + 2C?£2 



Tn?' 



■xlil-x) 



'—c\ + 2ciC2 + N,cl)B^ + 2c\e, 



-(1 + 2x) {—c\ + 2ciC2 + N,cl)B2 + 2c\e2 



~ To '7nspec |K;dnK(cz| 



2^D 



2 1 vl^c? + 2ciC2 + N,cl){Bi - B2) + 2c?(£i - 62) 
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ri°t(D+) = ror/nspec|Kd|'(|Ks|'(i - xf + \vM 



Upc) - {Pd)y 



1 



—cl + 2ciC2 + N,cl){Bi - B2) + 2cl{ei - 82) 



■N, 



^2 ^1 s 

ml 



X] 



[^c\ + 2ciC2 + iVcC2)5i + 2c2ei 



-(1 + 2x) {j^cl + 2ciC2 + N,cl)B2 + 2c?£2 



cd I 



l2^ ((Pc) - {Ps)? 
ml 



[cl + cl){Bi + QEi) + QciC2Bi 



with 



To 



Glml 



^nspec = 16vr' 



(2.14) 



(2.15) 



1927r3 ■ ' 

In Eq. ( p.l4|) , (p^) and {pq) {q = d, s) are the average momenta of the charmed and hght 
quarks, respectively, in the charmed meson. The sum pc + Pq can be effectively substituted 
by moq, the mass of the charmed meson Dg. This can be nicely illustrated by the example 
of Ds — > TUr decay with the decay rate: 



TU-r 



Glmiff^mn, 



1 - 



mt 



in 



m 



(2.16) 



an expression which can be found in the textbook. In the OPE study, the same decay width 
is represented by 



G\ 



IK. 



(Pc + P,r{Pc + P,r - g^'iPc + P,? + i^g^'ml 



X 



(Z},|(c7;.(l-75)s)(s7.(l-75)c)|/^.) 



2m 



1 



mt 



(Pc + Ps 



(2.17) 



Comparing the above two expressions, it is clear that {pc + Ps)"^ is nothing but rnl^. Con- 
sequently, Pc — Pq can be approximated as p^q — 2pq where Pg could be roughly set as the 
constituent quark mass ~ 350 MeV. Compared to the naive OPE predictions, it is evident 
from Eq. (|2.14|) that the decay widths of ly-exchange and IK-annihilation are enhanced by 
a factor of (m^i^^/mc)^, whereas the Pauh interference is substantially suppressed by a factor 
of {pD,-2pqf /ml 0.5. 



III. QCD SUM RULE CALCULATIONS OF FOUR-QUARK MATRIX ELEMENTS 

In order to calculate the four-quark matrix elements appearing in the formula of the D 
meson liftimes within the QCD sum rule approach, it is convenient to adopt the following 
parametrization: 
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{D,ip'')\T^,AD,{p'')) = {ep^P^ + Seg,.miy^ , (3.1) 



where the relations between B, 6B, e, Se and the parameters -81,2, £1,2 defined in Eqs. ( p.l2|) 
and (|2.13| ) are 



Bi = B + A6B, B2 = B + 6B, 

£1 = 5 + 4fe, €2 = e + Se . (3.2) 

Unhke the B meson case, the study of the D meson is preferred to begin with the full 
theory directly for several reasons: (1) In the QCD sum rule study of the full theory, the 
working Borel window of the D meson case is about 2.0 GeV^ < < 3.0 GeV^. Hence, the 
extraction of relevant 4-quark matrix elements can be obtained directly at the scale ~ rric- 
(2) Since the physical quantities expanded in l/rric will converge slowly due to the fact that 
rric is not heavy enough, it becomes unnecessary to work with the effective theory at the 
outset. (3) It is customary in the literature to evolve the hadronic matrix elements down to 
the confinement scale, say fih ~ 500 MeV, in order to apply the vacuum insertion hypothesis. 



However, as emphasized in Ref. [0], we shall avoid evaluating the matrix elements in such a 
low scale because a{fih) is of order unity at this scale and large radiative corrections cannot 
be entirely grouped into the Wilson coefficients. 

We consider the following three-point correlation functions 

KiP^P') = f dxdye"'y{0\T{[q{x)z^,c{x)] OUO) [q{y)il,c{y)]^}\0) , 



K.iP,p') = j dxdye"'y{Q\T{[q{x)ii,c{x)]T^^M [q{y)ii,c{y)\^m . (3.3) 
The sum rule calculation gives 



1 ,13 r^o . 1 




487r^mc Vp^ p^ — mlJ 2{p'^ — mIY \ ~^ Arric ' 8{p'^ — m"^ 
+9tivP ■ P ^ (^(dimension 8) , 

and 




{p"^ -mj;)^){p''^ -m'jj^)\mc + mqj 4 3 



2 ^ \ _ ^ _ / ^ = -^idt^-^P ■ P - Pt^P'uWc 



(327r 



2^2 



/•so rso 11 

/ ds ds'- TTT- --rr^—-r[mc{s + s-m^)-2mq{2s + 2s'-mj\ 



p'^){s' — p' 
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+2- 



m„ 



p 



/2 



p^)/(/imc)] /"^o^ 2s' -3ml 
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so 



ds 



so 

ds'-— 

l2 (S 



p'^){s' — p 



— p^ 

rrir. 



3 \ 



p' 



/2 



+ 



\n[{ml - p^) / {fmic)] 



p 



/2 



+C(dimension 6) , 
where (■ ■ ■) stands for (0| ■ ■ ■ |0) and 



(3.5) 



(3.6) 



Here we have used the factorization (or vacuum insertion) approximation to estimate the 
four-quark condensate. However, since 5B does not receive four-quark operator contribu- 
tions under the factorization approximation, the contribution from non-vacuum intermediate 
states may not be neghgible ^ . We would hke to remind readers that the ratio of t{D^) / r{D^) 
is quite sensitive io 5B. We have estimated the four-gluon condensate contribution to 5B 
and found that the enhancement of 5B due to the four-gluon condensate is less 10"'^ and 
thus can be neglected. After performing the double Borel transformations [14], p^ 
and p'"^ —>■ M'^, on the above sum rules and letting = M'^, we obtain 



B= 4 



rric + rrin 



e 



mligsqcr ■ Gq) 



so 



dse 



4M4 



1 + 



niq mc'mq\ 
4^ ~ 24M2/' 



1 - e 



rrir 



2 V 9 

1 _ 

s 



4 

1 _ 

s^ 



{31 



SB^O. 



and 



-66 



TTic + rriq 



^ 3 2m2- /m2 

3 " 



ds 



Up to dimension six, 5B is given by 

SBp-p' f fo '^D m? _ _ 1 

2 \l ,2 2-\\ \ ~] = -r(97M(l -75)gg7''(l -75)9)7^ 2Vr72 2T' (^•'') 

(p^ — mf)^)[p''^ — raf)^) \mc + maqj 4 [p'^ — m^)[p''^ — m^) 

which obviously vanishes under the factorization approximation. At the confinement scale ~500 
MeV, the nonfactorizable contribution due to the four-quark condensate was shown to be sizable 
in Q. As a result, the lifetime ratio of t{D'^) /t{D^) ~ 1.24 obtained in is much larger than 
previous estimates. 
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+4m,(2s - 3m^)s'(5(s' 



mc(s + s — mj — 2mq{2s + 2s — m^j 



7 + In ■ 



M2 



{gsqa ■ Gq) 
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3/2 



3m, 



5m, 



1- — ^5(s - ml)6{s' - m^) 7 + In 



M2 



(3.9) 



where 7 is the Euler's constant. 

For numerical estimates of B and e, we shall use the following values of parameters: 
/^^^ = 170 ± 10 MeV, fo, = 210 ± 10 MeV, m„ = m^ = 0, m, = 125 ± 25 MeV, mc = 
1.40 ± 0.05 GeV, = 6 GeV^ = 6.5 GeV^ and P 



{UU)^=1 GcV = {dd)^=i GeV = 

(ss) = 0.8 X (mm) , 

{asG^)^.=l GeV = 0.0377 GeV\ 

(g(7,a • Gq) = (0.8 GeV^) x {qq) . 



(240 ± 20 MeV)= 



(3.10) 



Note that in the sum rule study, ttIc is the current quark mass normalized at /x^ = — m^. 

To further improve the quality of the sum-rule results, we rescale the nonperturbative 
quantities to the scale of the Borel mass M. 



fD,iM)=fD,im,){ 

{m)M = {qq)t. ■ ( . x 

{gsqa ■ Gq)M = {9sq(r ■ Gq)^ 



as(M)_\-2//3o 
a,(mc)^ 
a^(M)N-4//3o 



as(M)\2/(3/3o) 



{asG^)M = {asG') 



(3.11) 



where /?o = "3" — 3 '^z is the leading-order expression of the /3-function with nj being the 
number of light quark flavors. 

Let us explain the results obtained in Eq. (|3.8| ) for the parameter B and Eq. (|3^ ) for e. 
Eq. (|3.8| ) can be approximately factorized as a product of two two-point f^q sum rules. As a 
result, B \. To the order of dimension-five, the main contributions to the OPE series of e 
are depicted in Fig. |^, where we have neglected the dimension-six four-quark condensate of 
the type (gFA^g gFA"g) since its contribution is much less than that from dimension-five or 



2lt is known that the charmed quark mass used in the sum-rule studies is smaller than the pole 
mass shown below. Likewise, the sum-rule decay constants fo and fo^ are slightly smaller the 
values employed in Sec. IV. 
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(bl) (b2) 

FIG. 2. The main diagrams contributing to the OPE series of e in Eq. ( p.9| ): (al)-(a3) the gluon 
condensates, and (bl)-(b2) the quark-gluon mixed condensates. The charmed quark is denoted by 
the heavy hne. 

dimension-four condensates. The numerical result of e (= ~6s) is shown in Fig. ^. Within the 
Borel window 2.0 GeV^ < A'P < 3.0 GeV^ we obtain e{D^'+) = = 0.015 ± 0.010 

and e{D+) = -Se{D+) = O.OlSt 

o!oiO) where the error comes partially from the uncertainties 
of input parameters. Consequently, B12 and ei_2 are numerically given by 

El = £2-1, eip^'^) = -0.045 ±0.030, ei{D+) = -OMbtoZo ^ £2 = 0. (3.12) 

Since the sum rule calculation is built upon the quark-hadron duality hypothesis, it is difficult 
to estimate the intrinsic errors in this approach. However, if the OPE series is extended to 
higher dimension operator terms, then the errors will be improved. Moreover, it is desirable 
to evaluate the non-vacuum intermediate state contributions to 6B =3{Bi — B2) as the ratio 
of t{D^) / t{D^) is quite sensitive to 5B. Even if 5B deviates from zero by a small amount, 
say 0.005, the ratio t{D^) /t{D^) will be enhanced by 6%. 

IV. RESULTS AND DISCUSSIONS 

The total decay width of the charmed meson is given by 
T{D) = 

TnL.spcc + rNL,nspec + TsL + Tlep, (4.1) 

where FNL.spec and FNL.nspec denote nonleptonic decay widths [cf. Eqs. ( p.lj) and (p.7|) ] due 
to spectator and nonspectator contributions, respectively, Fsl [see Eq. (^.21)] and Fiep the 
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FIG. 3. e (= -de) as a function of the Borel mass squared M^. The sohd and dashed 
curves are for e{D^'^) and e{Df), respectively. Here we have used Jd = 170 MeV, 
fDs = 210 MeV, rUc = 1.40 GeV, m, = 125 MeV, s{D^'+) = 6 GeV^, s(L>,) = 6.5 GeV^, 
{qq)t.=i GeV = -(240 MeV)^, and Eq. (|3lo|) . 



semileptonic and pure leptonic decay widths, respectively. In units of Tq = G'|.m^/(1927r'^), 
we obtain rNL,spec = 4.84 Tq, Tsl = 1.0210 and riep(D+ rz/^ + /iz/^) = 0.169 Tq for 
me = 1.65 GeV, = 125 MeV, ci(me) = 1.30 and C2{mc) = -0.57. 

If the momentum of the spectator quark in the meson is neglected, the destructive 
Pauli interference in decay is found to be r™*(D"'") = — 8.5ro, which largely overcomes 
the c-quark decay rate FNL.spec- Consequently, rtot(-D+) becomes negative, which is of course 
of no sense. This indicates that it is mandatory to invoke the spectator quark to suppress the 



Pauli interference effect [see Eq. ( 2.14 )]. On the contrary, the spectator quark's momentum 
in the charmed meson will enhance the VT-exchange or I^-annihilation contribution. Since 
the decay width of involves a large cancellation between two terms, it is very sensitive 
to the parameters nic, fn and {pq). For fo = 190 MeV and (pg) = 350 MeV, we found that 
the pole mass is preferred to be a bit larger. We shall use = 1.65 GeV for calculation. 

We next proceed to compute the non-spectator effects using Eqs. ( p.l4|) and ( p.l2|) and 
obtain 

pxcpo^ = (0.46±0.30)Fo, 
r^{D+) = -(3.29±0.40)Fo, 

pannp+^) _ (Q. 19 ± 0. 13)Fo , 

r^\Dj) = -(0.35 ± 0.05)Fo , (4.2) 
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where the errors come from the uncertainty of ei, and use has been made of fo^ = 240 MeV. 
Collecting all the contributions, we find 



r(D°) = 0.38ps, r(D+) = OMps, t{D+) = OAlps. (4.3) 

It is clear from our calculations that the lifetime of is longer than that of because the 
Cabibbo-allowed nonleptonic annihilation and leptonic contributions to r{Df) are compen- 
sated by the Cabibbo-suppressed Pauli interference. We also see that the predicted absolute 
charmed meson lifetimes are in general too small compared to experiments H]: 



r{D°) = (0.415 ± 0.004) ps, r(L>+) = (1.057 ± 0.015)ps, (4.4) 



and 



(r.+. ^U^-^'^8±0.0U ±0.007) ps (E791) [3], 

\ (0.4863 ±0.015 ±0.005) (CLEO) [|. ^ ' 

By contrast, the calculated lifetimes of B and Af, hadrons based on heavy quark expansion 
are too large compared to the data (see e.g. jl^). 



The charm lifetime ratios followed from Eq. ( [4. 3D are 

2.56 ±0.52, 



0-] 



1.08 ±0.04. (4.6) 



Although the lifetime ratio t{D^)/t{D^) is in accordance with experiment, the predicted 
ratio for t{D'^) /t{D^), which is insensitive to the value of rric, is larger than previous theo- 
retical estimates ||l],0 but still smaller than recent measurements. Nevertheless, this lifetime 
ratio could get enhanced if non-vacuum intermediate states contribute sizably to the four 
quark condenstate so that 6B is nonzero. It is worth remarking that if the nonzero momen- 
tum of the spectator quark is neglected, then the ratio t{D^)/t{D^) will be enhanced to 
1.11 . However, as stressed in passing, it is meaningless to have a negative lifetime for the 
D+. 
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